Abstract-Quadrotor is a strong coupling, under actuated complex system with multi inputs and multi outputs. In this paper, the quadrotor UAV model was presented at first. In order to control the position and attitude respectively, a nested loops control strategy was employed. The full control was divided into two parts, i.e. position control and attitude control. Both a PD controller and a fuzzy adaptive PD control er were designed. Finally, in order to give the comparison results, a quadrotor simulation system was set up in Matlab Simulink.
I. INTRODUCTION
Human beings have start the research of aerial since the world's first aircraft was built by the Wright brothers in 1903. Though the rotary wing aircraft, which has a long history, was appealed, while by the constraint of theory knowledge and technology, rotor aircraft wasn't receive adequate attention in a period of time. In recent years, the rotary UAV (Unmanned Aerial Vehicles) was again been widely studied by researchers [1] [2] [3] [4] due to their potential value, such as search and rescue, surveillance, law enforcement, detection, mapping and aerial photography [5] .
In 1907, Breguet Brothers, Louis and Jacque developed the first rotary wing aircraft under the guidance of Professor Richet. Etienne Oehmichen designed the Oehmichen No.2 in 1920, which used a steel-tube frame, with two-bladed rotors at the ends of the four arms. Followed, there has been a lot of rotor aircrafts were developed, such as the de Bothezat helicopter in 1922, the Curtiss-Wright VZ-7 in 1958. In recent decades, many quadrotor UAV appeared. In order to develop the indoor VTOL UAV with whole autonomy, EPFL (École Polytechnique F d rale de Lausanne) had start the OS4 [6] project in 2003. X-4 Flyer [7] was a quadrotor platform built by AUN (Australian National University to solve the problems suffered in small UAV. STARMAC [8] (Stanford Testbed of Autonomous Rotorcraft for Multi-Agent Control) project was implemented by Stanford University to test novel multi rotor control technology and presents the real problems in the real environment. The main research purpose of UAV SHMP (UAV Swarm Health Management Project) developed in Massachusetts Institute of Technology is the realization of multiple UAVs execute task in a dynamic environment by ground operation. And many quadrotor toys can be acquired on the market, such as Draganflyer and Parrot AR.Drone.
Quadrotor is a new concept of UAV platform. Generally quadrotor have two configurations [9] : "X" and "+" structure, see Quadrotor helicopter rotor is one of the most complex systems, and includes the rotation motion of three axes and the linear motion of the center of gravity along three axes. That means there are six motions, yaw, pitch, roll, back/front, left/right, and up/down. As quadrotor helicopter has only four inputs, while there are six outputs, so it is a type of under actuated systems. Quadrotor dynamics has the characteristics of nonlinearity, uncertainty and strong coupling [10] .
Numerous works have been done on the controller design for the quadrotor helicopter. PID controller was widely used in quadrotor control [11] [12] [13] . Fuzzy adaptive controller [14] [15] , neural network [16] [17] , LQR [18] , back-stepping and sliding model [19] [20] also be applied. For the stabilization and navigation problems, a nested loops control architecture was utilized by A. Nagaty [21] . In this architecture, a nonlinear back-stepping controller and PD controller with a saturation function are employed. In literature [22] , a robust tracking control method was presented. In order to control a small or miniature unmanned quadrotor helicopter, Abdolhosseini presented an efficient Model Predictive Control (eMPC) algorithm deploying fewer prediction points and less computational requirement [23] . This paper was structured as follows: the dynamic model was presented in section II. In Section III, a nested loops control architecture with PD controller and fuzzy adaptive PD controller were designed. In section IV, the simulation was presented. Finally, Section V concluded this paper.
II. QUADROTOR DYNAMIC MODELLING
An adequate dynamic system model was vital to the control strategy. Earth fixed frame Oxyz and body fixed frame 
In order to simplify the model, assume [16] a The structure and propellers are rigid. b
The structure is supposed symmetrical. c
The center of mass and the body ¿xed frame origin are assumed to coincide. d
The thrust and drag are proportional to the square of the propeller speed. According to the Newton-Euler equation, we can obtain:
where T representing the total force generated by four rotors; M is the total torque; a is the quadrotor's acceleration vector relative to the earth; ω is the angular velocity vector around the center of mass; I b is the rotational inertia.
T can be expressed as: 4 1 cos cos sin sin sin cos sin sin sin cos cos cos
where T i is the thrust force generated by each rotor, T i could be described by:
where K p is the lift coefficient; and ω i is the angle velocity of each rotor.
I b can be described as:
where, I x , I y and I z respectively refer to the rotational inertia around the x b , y b , and z b axes respectively.
According to the equations above, the quadrotor dynamic model could be expressed as: 
where L is the distance from propeller center to the quadrotor center of mass; U 1 U 2 U 3 U 4 are the system control inputs which defined by the four rotors' angle velocity, and can be expressed as:
where, K d is the drag coefficient.
From the quadrotor dynamic model, we can know that there are only four inputs (U 1 , U 2 , U 3 , U 4 ), while have six outputs (x, y, z, ψ, θ, φ). That is to say the quadrotor system belongs to the under-actuated system. Constraints are existed in (8) 
Assume Ix,=Iy, and the value of Iz is too small that can be neglected. Equation (8) can be simplified to: If the yaw angle was kept at ψ d =0, then we can obtain the target roll and pitch from (10) and (11) . The target roll and pitch can be described as follows: 
Then from equations (21) ~ (24), we can obtain: Though the PD control has a lot of advantages, such as simple structure, good stability, reliable operation, easy to adjust, but PD controller does not have the ability to adjust adaptively. In order to control a quadrotor fully, a fuzzy adaptive PD controller, which mixed PD control theory with fuzzy control theory, was developed. The value of Kp and Kd could be automatic adjusted according to real-time error (e) and error rate (de/dt). The fuzzy adaptive PD controller of yaw channel was shown in Fig. 4 . According to the Fig. 4 , the total Kp and Kd can be expressed as follows: 1 2 Kp kp kp = +Δ (27) 1 2 Kd kd kd = +Δ
Where kp 1 and kd 1 are the parameters of the designed PD controller; kp 2 and kd 2 are the adjustable value which exported by the fuzzy controller. The other channels were designed as the same as yaw channel. Then, all the parameters of PD controller can be adjusted depending on the velocity and acceleration of the quadrotor.
IV. SIMULATION AND ANALYSIS
A quadrotor platform was built in the laboratory. The structure is illustrated in Fig. 5 . This quadrotor mainly used for multi unmanned systems collaborative theory research. Quadrotor framework was built based on the DJI Flame Wheel Arf Kit F450. The electronic system is developed with sensors, an onboard flight controller, and a wireless communication module. Sensors used including ultrasonic module for measuring flying height, 3-axis gyroscope, 3-axis gyroscope, 3-axis accelerometer and a compass. STM32f103 ARM chip was employed for flight main controller. And NRF24L01 module was used for wireless communication. A simulation system for the control of quadrotor was built in Matlab Simulink, the parameters used for simulation was shown in Table I . Firstly, the inner attitude loop was tested. Set the begin attitude (ψ 0 =0, θ 0 =0, φ 0 =0) and target attitude (ψ d =0.5, θ d =0.5, φ d =0.5). The simulation results were shown in Fig. 6 , and the parameters of PD controller was shown in Table  II .
Then consider the problem of quadrotor start from (x 0 =0, y 0 =0, z 0 =0) with initiation attitude (ψ=0, θ=0, φ=0) flying to the (xd=6, yd=8, zd=9) point with the attitude (ψ=0, θ=0, φ=0). In the whole flying period, the desired yaw angle ψ was kept at zero. The simulation results were shown in Fig. 7 . The quadrotor flying trajectory was shown in Fig. 8 . From the contrast of two response curve, we find that fuzzy adaptive PD control and classic PD control can get access to the target position with the right attitude. But fuzzy adaptive PD control has advantages in respond speed and stabilization than PD control.
V. SUMMARY
Quadrotor UAV is a strong coupling, under-actuated complex system with multi inputs and multi-outputs (MIMO). The system has only four inputs, which decided by the angle velocity of four rotors, and six outputs (the position and posture state). Firstly, the dynamic model of the quadrotor was presented in this paper. A nest loop control architecture was used to control the position and attitude respectively. As the constant of the workspace, fuzzy adaptive PD controller was designed to avoid the overshoot. The simulation results show that fuzzy adaptive control has a better effect than classic PD control. But the effect could be improved; these works will be continued in the future.
